there has been much progress in the study of body water and its sub-divisions, and yet, little attention has been given to fluid within the lumen of the gut and its possible significance in body water measurements. The very facts that, a) flow of water across the gut-wall is bi-directional (I), b) that labeled water placed within the gut rapidly reaches equilibrium with other body fluids (2) , G) that labeled water in jetted intravenously rapidly reaches an equilibrium in gut fluid (3) , and d) that feces contain the same concentration of tagged water as other body fluids at equilibrium (4) , suggest that fluid in the gut should be considered, unless of course the amount of this water is so small as to be of no significance. Should, however, gut fluid be of significant volume, then some of our present day in vivo measurements are yielding results which are being incorrectly interpreted, because certain measuring agents enter into the gut while others do not. For example, heavy water and sucrose or inulin have been utilized simultaneously to determine total body water and extracellular fluid, the difference between the two being considered as water within cells. Heavy water enters the &t lumen and hence includes in its volume distribution whatever water may be contained within the gut. On the other hand, neither inulin nor sucrose injected intravenously enter the gut fluids (5, 6) . Thus, if body water is partitioned by simple subtraction, the result is an underestimated extracellular fluid volume while the intracellular phase is overestimated by the amount of fluid located within the gut.
Since no known study has been made of gut fluid in relation to the subject of body water, it was thought appropriate to investi-gate this matter in regard to the laboratory animals commonly used in body water studies. This investigation forms the basis of this paper.
METHODS
Work was done primarily on guinea pigs, rabbits, rats and dogs. In addition, some observations were made on mice, hamsters, and a goat. All animals were normal in the sense that they had not been used for any prior investigations and all were observed for at least 2 weeks as to behavior, food and water ingestion, before any gut-fluid studies were begun. During this time, the animals were fed with typical laboratory rations, e.g. pellet food continuously available to the guinea pigs, rabbits, rats, mice and hamsters, with daily checks made as to consumption; beacon meal was served once daily to the dogs at a specified time; pellet ration and hay were continuously available to the goat. All animals were permitted to consume water ad libitum during these preliminary observations. The animals were kept in metabolism cages which were maintained in a separate room to which only the author had access in order that no error due to mismanagement might occur during subsequent periods of food or water deprivation.
Rats, guinea pigs, hamsters and mice were killed by placing them in a small container with ether. Rabbits were killed by a sharp blow on the occiput. An intravenous injection of a 6y0 Nembutal solution was utilized to kill the dogs and the goat, appropriate correction being made for the volume of solution injected. Immediately upon death the animals were weighed as a check on the live weight taken just before killing. Small animals were weighed to the nearest tenth of a gram, the larger ones to the nearest gram. The abdominal cavity was then opened and clamps applied just above the cardiac and anal sphincters.
The gut was then removed.
By 
RESULTS
The data of these investigations are recorded in tables 1-5. Because of sex differences in percentage of total body water and body fat the results in males and females are treated separately. The body weights recorded are the 'live weights' of the animals.
Rabbits. The relationship of gut water to the total body water of females and males subsisting on food and water ad libitum is illustrated in table I. Though there is a difference in the amount of water present in the carcasses of the females (64.7 Z!Z 2.3) and of the males (68.4 =t 2.6), there is, statistically, no significant difference in the relationship of the gut water to the total body water, a value of 14.6 =t: 3.1 obtaining for the females and 15.5 =t 3.1 for the males. Thus, it is quite obvious that under these 'normal' conditions, the fluid within the gut comprises a rather considerable part of the total body water. It may be further noted that from a consideration of both the amount of water present in the carcass and from the total body water, the average rabbit is a relatively lean organism.
The effects of either food deprivation with free access to water, or deprivation of both are also illustrated in table I. During the course of three years of observations on the daily intake of food and water in rabbits, it was found that though ingestion may be fairly constant over a period of several months, many animals suddenly, for some unknown reason, radically decrease or stop their eating. Such voluntary starvation may continue for 1-4 weeks and then, just as suddenly the normal ingestion pattern is resumed. For this reason, the present observations on food deprivation were extended to a period of 4 weeks. Under these conditions, though there was considerable weight loss, occurring mainly during the first week, there was no mortality.
Throughout the series wherein rabbits were deprived of food but allowed water, there is no significant difference between sexes as regards the relationship of gut water to the total body water. Furthermore, there is no significant difference between the control data and that obtained following 24 or 48 hours of food deprivation.
This would appear to indicate than any attempt to minimize gut water content by simple food deprivation of 24 or 48 hours duration, would be of no When deprived of both food and water the course of events does differ with the sexes. Thus, in the males, the volume of gut water in relation to the total body water is reduced significantly in 24 hours, but thereafter appears to remain constant at a value slightly above IO% of the total body water. The females show no significant change until 48 hours of food and water deprivation. This becomes further reduced by the end of I week, though it is still 7.6 =t 2.3% of the total body water. The high mortality appears to be related to a polydipsia these animals develop during fasting. As time progresses, the animals develop severe quivering, rear up on their haunches and then topple over. Death seems to take place during a convulsive seizure. Controls,-deprived of both food and water do not display this behavior. A similar polydipsia is observed in rabbits during enforced fasting though they do not develop the neurological disturbances seen in the guinea pig (9) .
When deprived of food but allowed water ad libitum, the gut fluid in females shows a significant decrease in 24 hours yielding a value of slightly over I I % of the total body water. which is similar to that found when the female is deprived of both food and water. However, in &hours, the percentage of total body water comprised by gut fluid has returned to the control value and remains at that figure through the fifth day. Males on the other hand, show no significant decrease in the first 24 When deprived of both food and water the female guinea pig shows a significant decrease of the gut water-total body water relationship in 24 hours. However, there is no further change with time, the gut water comprising slightly over IO% of the total body water. In the males, there is likewise a decrease in 24 hours, although constancy of this value is maintained only through the first 3 days. A further decrease takes place by the fifth day so that a figure similar to that for the female obtains.
Rats. The data on rats allowed food and water ad libitum is presented in table 3. Since rats are primarily nocturnal eaters, considerable variation in gut contents could conceivably occur depending upon the time of day the animal is killed. All animals of this series were therefore killed at the same time in the afternoons. There was no difference between the sexes in regard to the percentage of total body water comprised by the gut fluid, 6.7 =t 1.7 obtaining for the female and 6.7 =t: 1.3 for the male.
The effects of food or food and water deprivation are also shown in table 3. When allowed water, significant differences exist between the sexes during the first 3 days. The female shows a larger percentage of gut fluid at 24 and 48 hours, whereas at 72 hours the male displays a larger value. Thereafter the values are similar. When deprived of both food and water there is no significant difference between the sexes until the fifth day of fasting when again the female shows a slight but significantly higher figure.
Dogs. Data on dogs is presented in table 4. Following a series of preliminary observations on animals killed for other purposes, the period of 2 hours after eating was chosen to illustrate the probable maximal gut lumen water content. Though the animals recorded are relatively small, all were adult dogs. All appeared to be grossly free of intestinal parasites. The difference between sexes at 2 hours is significant, males showing a considerably higher value of 9.7 rfi 4.0 as compared with 6.4 =t: 0.9 for the females. At 24 hours both have a gut water value of roughly 3% of the total body water, which further declines to less than 1.5 per cent at 48 hours.
Miscellaneous
Animals. Data on the mice, hamsters and the male goat are recorded in table 5. All mice and hamsters were killed in the afternoons. All these animals had food and water ad libitum. Like the guinea pig, both the mice and hamsters display sex differences as to the percentage of total body water comprised by gut fluid, but unlike the guinea pig where the male has the significantly higher value, in these species the female shows a larger gut fluid content. Thus, the gut water to total body water relationship in the mouse gives a value of I I .5 =t I. 2 for the female and 8.7 =t 1.9 for the male. In hamsters, the female yields a value of I 2.5 =t 1.3 while the male shows 11.3 do 1.3. lustrated in the rabbit. Seventy per cent of the live weight of an average or 'lean' rabbit consists of water (7, 22 , and present observations). Accepting Kruhoffer's figure of about 20% of the weight as the volume distribution of inulin (23), the intracellular water by difference would be calculated as being 50% of the live weight. However, the present observations show that rabbits having this total body water content also have, even after 24 hours of fasting, fluid within the gut amounting to about IO% of the live weight. Were the inulin or sucrose measurements true criteria of all fluid located extracellularly in in vivo experiments and included the gut water, then with the amount necessary for that found within the gut, plus the 4 or 5% needed to account for the plasma volume (24, 25) , the rabbit would have an interstitial fluid volume of only about 5% of its weight.
In the consideration of body fluids, omission of the water contained within the gastrointestinal tract is much more than the omission of fluid which may or may not be of significant volume. It is in a much broader sense, the omission of the in vivo concept. Physiologically speaking, interest in the measurement of body fluids lies in its relationship to the living or intact organism. Yet, some of the work on the determination of body water has not taken this into account. Thus, the experimental data on guinea pigs supposedly validating the specific gravity method for body fluid and fat determination has not been gathered on the living or intact organism, but in reality on what is only a partial preparation. The 'whole organism' of Rathbun and Pace (26) is an eviscerate preparation in which the average eviscerated guinea pig is 74.2 % of the average live weight. Even with the cleansed viscera included, such a preparation falls considerably short of the living weight. The authors point out that the hair (which had been removed from their preparations for technical reasons) "must be considered in any in vivo study on fur-bearing animals" and in this we thoroughly agree. However, if hair is to be considered then most certainly the gut contents, which form a much larger fraction of the living weight of the guinea pig, should be considered. In the present studies, the mean value for hair weight fell I09 below 3 % of the total body weight whereas the gut contents were about 15% of the live weight.
For any in vivo study, every part of the organism should be considered, including the contents of the gastrointestinal tract. Though the partial preparation does show a percentile water content close to that of the intact organism, as determined by dilution methods or desiccation, the actual absolute volumes of fluid in the partial and in the intact or living organism are admittedly different. Thus, in the present studies, the male rabbit subsisting on food and water ad libitum shows a carcass water content of 68.4 & 2.6% and a total body water content of 70.4 =t 2.9%. When the absolute water content of the carcass is expressed in terms of the total body weight, a value of 59.4 & 2.4% obtains. Similarly, male guinea pigs under the same conditions showed a carcass water content of 70.5 =t 0.7 % and a total body water content of 72.7 zt 0.8%. However, the absolute water content of the carcass comprises only 58.2 + I. 2 % of the live or intact weight. Therefore, the data obtained from partial preparations may be misleading when applied to calculations on the living organism, especially in relation to our commonly used laboratory animals. For example, were we to attempt to estimate the fat content of a guinea pig from a knowledge of the water content of the animal as obtained with a dilution technique and the fact that the lean body mass has a relatively constant fluid make-up, our results would be in serious error, an error due to the considerable amount of measured water that is within the gut lumen and not a part of the lean body mass. There may be some question as to the magnitude of the gut water content in these experiments and the type of ration on which the animals subsisted. However, the gut contents of the rabbits in these studies subsisting on a pellet ration are in the same range as those found by Swirski (13) and Carmichael, Strickland and Driver (I 2) whose animals were maintained on different types of diets. Similarly, the gut contents of the guinea pigs agree with the findings of Boycott and Damant (27) . The single data on the goat is in reality in the lower range of values recorded for these animals by Boycott, Damant and Haldane (28).
SUMMARY
Data are presented on the magnitude of the fluid located within the gastrointestinal tract of commonly used laboratory animals and its relationship to the total body water as determined by desiccation.
The amount found in the rabbit and the guinea pig may be considerable, even after prolonged fasting. Thus, the rabbit subsisting on food and water ad libitum has an intraluminal gut fluid content comprising about 15 % of the total body water. Even after 48 hours of food deprivation, with access to fluid, there is no significant alteration in this relationship.
At the end of I week of fasting, the gut fluid has decreased to about IO% of the total body water but thereafter this relationship appears to remain constant although food is deprived for 4 weeks. Guinea pigs subsisting on food and water ad libitum show sex differences in gut water content. Thus, in the female the gut water comprises about 17 % of the total body water, whereas in the male it ranges about 20%.
When deprived of food but allowed water, both sexes have an intraluminal gut water content which still comprises about 17 % of the total body water at the end of 5 days. Deprived of both food and water, the water content of the gastrointestinal tract at the end of 5 days is above IO%. Dogs and rats show much smaller amounts of fluid within the gut. The dog after 24 hours of food deprivation but allowed access to water has a gut fluid content amounting to 3 % of the total body water, a value which further decreases to about 1.4% in 48 hours. The rat allowed food and water has a gut fluid comprising 6.7% of its total body water. After 24 hours of food deprivation this has fallen to 4.6% in the female and 2.7 % in the male. Incidental findings are also given for mice, hamsters, and a goat. The significance of gut water and its possible importance in body fluid measurements, is discussed.
